INTRODUCTION

47
Chaperones, a class of functionally related and conserved proteins found in virtually all 48 living organisms, are involved in many different cellular processes. Their main function is to assist 49 protein folding, assembly, transport and degradation under normal conditions of growth, and even 50 more, during stress. Bacteria rely on chaperones to rapidly adapt to sudden changes of the 51 environment and their survival is directly dependent on the proper regulation of chaperones' 52 expression. For this purpose, microorganisms have evolved complex regulatory strategies that are 53 highly diversified among different bacterial species (20) . 54
In H. pylori, a highly pervasive Gram-negative human gastric pathogen , chaperone and heat 55 shock proteins (HSPs), besides their general role in protection of the bacterium from the extremely 56 hostile environment of the stomach, are involved in more specific pathogenic processes such as 57 regulation of urease enzyme activity and adhesion to epithelial cells ((11), (13), (18), (22) Phrc and Pgro promoters in normal growth conditions, while HspR alone controls its own promoter 67 (Pcbp) (27) . Upon heat shock, the repression is released and the HSPs transcription is induced.
(Macherey-Nagel). DNA fragments for cloning purposes were extracted and purified from agarose 120 gel using Qiagen Gel Extraction kit (Qiagen, Inc.). PCR were carried out in a Perkin-Elmer 121
Thermal Cycler using Taq DNA polymerase. In each reaction, 500 ng of H. pylori chromosomal 122 DNA was mixed with 40 pmoles of each specific primer in a final volume of 50 μl containing 200 123 μM of each deoxynucleotide in 1X PCR buffer containing Mg 2+ . A total of 33 cycles were 124 performed by denaturing DNA at 95°C for 45s, annealing at the appropriate temperature for 45s, 125
and extending at 72°C for 1 min. 126
127
Recombinant proteins expression and purification. Recombinant 6XHis-tagged HrcA 128
and HspR were overexpressed in E. coli BL21(DE3) cells harboring the proper vector (Table 1) and 129 purified through Ni-NTA affinity chromatography as previously described ((24), (29)). For CbpA-130
His overexpression, E. coli BL21(DE3) cells containing the plasmid pET22b-CbpA (Table 1) were 131 inoculated in 250 ml of LB Broth and grown at 37°C with vigorous shaking until mid-exponential 132 phase. The expression of the recombinant protein was induced by the addition of 1 mM isopropyl-133 β-D-thiogalactopyranoside (IPTG), cells were harvested after 4 h induction at 37°C and stored at -134 80°C. For CbpA-His purification, cells were resuspended in 25 ml of Lysis Buffer (50 mM 135 NaH 2 PO 4 ; 300 mM NaCl; 10 mM Imidazole, pH 8.0) containing 1 mg/ml lysozyme and 10 μg/ml 136 both DNase and RNase, incubated on ice for 45 min and then disrupted through 2 French Pressure 137
Cell cycles. The soluble protein fraction was mixed with 500 μl of 50% Ni 2+ -NTA slurry (Qiagen, 138
Inc.) and incubated for 90 min at 4°C on a Tilt-Roll. The sample was packed in a polypropilene 139 tube, washed twice with 5 ml of Wash Buffer 20 (50 mM NaH 2 PO 4 ; 300 mM NaCl; 20 mM 140 Imidazole, pH 8.0), twice with 5 ml Wash Buffer 50 (50 mM NaH 2 PO 4 ; 300 mM NaCl; 50 mM 141 Imidazole, pH 8.0) and the bound protein was eluted by adding three times 500 μl of Elution Buffer 142 (50 mM NaH 2 PO 4 ; 300 mM NaCl; 250 mM Imidazole, pH 8.0 overexpressed as a fusion protein with Glutathione-S-transferase (GST). As control bait, the GST 180 protein alone was overexpressed and used in the pull-down assay in the same conditions as GST-181
HspR. In particular, the coding sequence of HspR was excised as an NdeI/XhoI fragment from the 182 plasmid pET22b-HspR (29) and ligated to pGEX NN vector that allow N-terminal glutathione-S-183 transferase gene fusion (Table 1 ). The expression of the recombinant GST and GST-HspR proteins 184 in E. coli BL21 (DE3) cells was performed as described above for CbpA-His. Then, each bacterial 185 pellet from 250 ml cultures was resuspended in 15 ml of 1X PBS containing 1 mg/ml lysozyme, 186 and 10 μg/ml DNase and RNase, and incubated for 90 min at 4°C. After the addition of 5 mM DTT, 187 cells were sonicated on ice and centrifuged at maximum speed for 30 min. After addition of 1% 188
Triton X-100, each soluble protein fraction was mixed with 400 μl of 50% Glutathione-Sepharose 189 (GSH-Seph) slurry and incubated for 1 h at 4°C on a Tilt-Roll. Samples were packed in a 190 polypropilene tube, washed 5 times with 4 ml of 1X PBS; then, 200 μl of 1X PBS was added to the 191 of Res-Buffer (10 mM Tris pH 7.0; 100 mM NaCl; 20 mM KCl; 1 mM EDTA; 0.01% Igepal), containing 0.5 mg/ml lysozyme and 10 μg/ml both DNase and RNase, and then sonicated 196 on ice, centrifuged at maximum speed for 30 min; the supernatant was collected and stored at 4°C. 197 Pre-clearing of the lysate was performed by mixing 1.5 ml of H. pylori G27 (hspR::kan) lysate with 198 50 μl of GST-GSH-Seph slurry and incubated for 90 min at 4°C; then, the suspension was passed 199 through a column and the cleared lysate was collected for the pull-down experiment. Microfiltration apparatus (BioRad), and crosslinked to the filter by UV-rays treatment. The filter 236 was prehybridized in 5 ml of Hybridization Buffer (6X SSC; 0.5% SDS; 0.1% Ficoll; 0.1% 237 Polyvinylpyrrolidone; 0.1% Bovine Serum Albumin; 100 μg/ml denatured, fragmented salmon 238 sperm DNA) for 2 h and then hybridized in the same buffer with 1.2 pmol of radioactively labeled 239 cbpe4 oligonucleotide (Table 2) clearly evident in Fig. 2a (lanes 9 to 12) 
(23), we performed in vitro binding experiments on the Phrc probe as described above, using the 279 recombinant purified His-tagged HrcA protein with results shown in Fig. 2 (panel b) . As shown 280 above (Fig. 2a, lanes 9-12) was added after HspR (lanes 6 to 9), the repressor binding activity remained essentially unaltered. 300
In fact, the DNase I hypersensitive sites, typical of HspR binding to Phrc (indicated by black 301 arrows), were clearly visible also upon addition of an 8-fold molar excess of CbpA to the reaction 302 (Fig. 2c, compare lanes 5 and 9) . We conclude that CbpA exerts no effect on HspR once this 303 repressor is bound to its operator site. This is consistent with the hypothesis that CbpA interacts 304 directly with HspR before DNA binding, thus preventing its binding to the Phrc operator. 305 306
CbpA directly interacts with HspR. To gain further information on the direct interaction 307
between CbpA and HspR, we performed GST-pulldown assays. To this aim, we expressed and 308 purified the recombinant GST-HspR fusion protein which was incubated with an H. pylori 309 (hspR::kan) (Table 1) in combination with HrcA, exhibit a typical heat shock response when cells are exposed to a 328 temperature of 42°C. Their transcription is strongly and rapidly induced after heat shock and this 329 initial induction phase is followed by an adaptation phase in which mRNA amounts decrease to a 330 new steady state level, slightly higher than non-shocked conditions (28). Considering the in vitro 331 results presented above, we hypothesized that CbpA could play a role in the transcriptional response 332 kinetics following heat shock. Accordingly, we decided to compare the levels of Phrc transcripts at 333 fixed time intervals after a sudden increase in temperature, both in wild-type and CbpA 334 overexpressing H. pylori G27 strains. To generate the CbpA overexpressing strain, a copy of the 335
CbpA coding sequence was introduced, together with a chloramphenicol-resistance cassette (cat), in 336 the cagA (HP0547) locus by homologous recombination in the G27 H. pylori wild-type strain, 337 thereby placing an additional copy of cbpA gene under the control of the strong and heat shock 338 independent PcagA promoter, generating strain G27 (PcagA-cbpA). Total RNA was isolated from 339 H. pylori G27 and G27 (PcagA-cbpA) cells grown at 37°C and at different time points after upshift 340 of the culture to 42°C, and subjected to primer extension analysis. Reactions were fractionated on a 341 denaturing polyacrylamide gel and bands were quantified by exposure of the gel to a 342
Phosphorimager. The result of a representative primer extension experiment is reported in Figure 4 ,increased rapidly after temperature upshift and reached maximum level after 30-45 minutes. It is 345 worth noting that the transcript levels before heat shock (time 0, physiological growth condition, 346 lane 1) were the same in both strains. Moreover, it is clear in Fig. 4a and b , that the induction 347 kinetics and the maximum transcript levels were very similar in both strains (7-fold increase at 45 348 min in both strains, lane 5). On the contrary, the adaptation phase that follows the transcript 349 were heat shocked at 42°C for different periods of time and total RNA was extracted and used in 558 primer extension analysis and dot blot hybridization. Panel a), the labeled cDNA generated by 559 primer extension using oligonucleotide hrcA (Table 2) 
